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Summary
Reduced nighttime sleep is a risk factor for childhood overweight, but the asso-
ciation between daytime sleep and overweight is unknown. The aim of this study
is to evaluate daytime sleep duration as an independent risk factor for childhood
overweight. Data from the KOALA Birth Cohort Study on daytime and nighttime
sleep at 2 years (N = 2322), and body mass index (BMI) around 2, 5, 6, 7, 8 and
9 years were used. Multivariable general estimating equation regression analyses
were performed to examine the associations of sleep duration with BMI (linear) and
overweight (logistic). No associations between daytime sleep and BMI or over-
weight were found, whereas longer nighttime sleep was associated with lower BMI
and lower risk of overweight persisting up to age 9. Daytime sleep duration is
probably less relevant for prevention of childhood overweight.
Keywords: Children, napping, overweight, sleep duration.
Several meta-analyses and reviews have shown an inverse
association between sleep duration and childhood over-
weight (1–5). However, few studies acknowledged the dif-
ference between daytime and nighttime sleeping (6–9),
although sleeping in the daytime (or napping) is very
common for pre-school children (10,11) and is important
for children’s cognitive development (12,13). Previous
studies have shown no association between daytime sleep
and childhood obesity (6), no mediation of the association
between reduced sleep and overweight by daytime sleep
(7), and indicated that daytime sleeping does not function
as a substitute of nighttime sleeping due to different bio-
logical functions (8). However, these studies only examined
daytime sleeping cross-sectionally (6), measured napping
as a variable together with resting and laying down (7), or
only measured daytime sleeping to complete total sleep
duration (9). Exploring daytime sleep as an independent
risk factor in relation to childhood overweight in a longitu-
dinal setting could provide more insight in its significance in
the prevention of childhood overweight. Thus, the aim of
this study is to examine the short- and long-term associa-
tions between daytime sleeping and childhood overweight
development, independently of nighttime sleeping.
Data originated from the KOALA Birth Cohort Study and
were collected through frequent questionnaires completed
by the parents. Women were recruited during pregnancy
from a study on pregnancy-related pelvic girdle pain (‘con-
ventional’ recruitment group). Other pregnant women were
recruited through anthroposophic (e.g. restricted use of
vaccinations, antibiotics) doctors and midwives, organic
food shops and dedicated magazines, and were more
likely to have an ‘alternative’ lifestyle regarding, for
instance, children’s dietary habits or medication use (‘alter-
native’ recruitment group). A total of 2834 children origi-
nated from these groups (2343 conventional and 491
alternative) (14). Informed consent was signed by all
parents, and ethical approval was obtained by the Maas-
tricht University/University Hospital Maastricht Medical
Ethics Committee.
Parents reported children’s daytime and nighttime sleep-
ing (in hours) at age 2 (‘How many hours does your child
sleep per day?: at night . . . hours; during the day . . .
hours’), as well as their height and weight to calculate their
body mass index (BMI, weight/height2). BMI scores were
recoded into BMI z-scores, adjusting for age and gender
(15). A BMI z-score above the 85th percentile (z-score
>1.03) was classified as overweight and above the 95th
percentile (z-score >1.64) as obese (16). The covariates
used for this study are displayed in Table 1. Missings in
covariates (Table 1) were imputed from all other variables
(except from follow-up BMI) using regression with addition
of residuals from random cases. Data were analysed using
SPSS 19.0. To examine the independent association
between daytime and nighttime sleeping and BMI z-score
at age 2, linear regression analysis was performed, cor-
recting for potential confounding by covariates. Similarly,
logistic regression analysis was used for overweight at
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regression analyses were performed to examine the longi-
tudinal associations between sleep duration and BMI
(linear GEE) and overweight (logistic GEE) at ages 5, 6, 7,
8 and 9 years. Persistence of associations over time of
follow-up was evaluated by testing for interaction by age at
the BMI measurement.
The number of questionnaires returned at 2 years was
2578 (91.0% of the original cohort), and data on sleep and
BMI were complete for 2322 (81.9%) children at age 2
years. Follow-up was complete (i.e. BMI z-score was
known at 8 and/or 9 years) for 1658 (58.5%) children.
Table 1 displays background characteristics of the children
at baseline and of the children with complete follow-up,
BMI z-scores and percentages of overweight and obesity
at different ages. No correlation was found between
daytime and nighttime sleep at 2 years (r = 0.005;
P = 0.805, N = 2322).
In longitudinal analysis (GEE; Table 2), BMI z-scores and
overweight at ages 5, 6, 7, 8 and 9 years were associated
with nighttime but not daytime sleep duration. When
adjusted for baseline BMI z-score at age 2, the result for
nighttime sleep was attenuated but remained highly sig-
nificant (beta = −0.054, 95% CI = −0.088 to −0.020,
P = 0.002 for BMI z-score at ages 5, 6, 7, 8 and 9, i.e. a
0.054 lower BMI z-score through 5, 6, 7, 8 and 9 years for
each hour increment in night sleep, and interactions with
age of BMI measurement were non-significant, both indi-
cating that the effect of nighttime sleep duration was
lasting beyond the contemporaneous association at age 2.
The results indicate that longer nighttime sleeping
decreases the risk of developing overweight, confirming
previous research (1–5). Several pathways may explain the
effects of reduced sleep on weight gain. The hormonal
pathway explains the disrupted appetite regulation due to
reduced sleep: in case of sleep loss, leptin levels (satiety
hormone) are low and ghrelin levels (appetite hormone) are
high, causing more hunger, and therefore, the likelihood to
consume more food (17). Moreover, disrupted hormone
levels may also promote the storage of excess visceral
adipose (18). A behavioural pathway may explain the
effects of reduced sleep as well: more opportunities to eat
are created during the extra time a child is awake (4), and
obesogenic food in particular is more likely to be con-
sumed (19). Furthermore, tiredness caused by sleep loss
can reduce the amount of physical activity and increase the
time spent being sedentary (4), which successively pro-
motes consumption of obesogenic food (20).
The current study found, in line with previous indications
(6,8), no association between daytime sleeping at 2 years
and BMI or overweight. These findings seem to support
the hormonal pathway over the behavioural pathway in
explaining the relation between nighttime sleep and over-
weight. If overweight would be the result of unhealthy
behaviour caused by reduced nighttime sleeping (i.e. more
opportunities to consume obesogenic food, and/or less
physical activity and more time spent being sedentary due
to tiredness) (4,17,19,20), longer daytime sleep duration
would also protect against this unhealthy behaviour and
therefore against overweight. However, no association
between daytime sleeping and childhood overweight was
found. Also, no correlation was found between daytime
and nighttime sleeping, indicating that nighttime sleeping is
not a mediator of daytime sleeping.
An important limitation of this study is the parent-
reported data on sleep and BMI, which might introduce
bias, although this method is used in all previous studies
on the relationship between sleep and overweight in
children, and alternatives such as observation are not
considered feasible in large-scale studies. The over-
representation of families with an ‘alternative lifestyle’ and
highly educated parents, the low overweight percentages
of the participants, and large dropout of participants
Table 2 Associations between sleep duration and body mass index/overweight
Sleep duration (h) at age
2 years
Cross-sectional analysis (N = 2322) Longitudinal analysis (GEE) (N = 1340–1731)*
BMI z-score at age 2† BMI z-score at age 5 through 9‡
Beta (95% CI) P-value Beta (95% CI) P-value
Daytime 0.003 (−0.058; 0.063) 0.93 −0.011 (−0.065; 0.043) 0.70
Nighttime −0.040 (−0.083; 0.003) 0.069 −0.082 (−0.120; −0.044) 0.00003***
Sleep duration (h) at age
2 years
Overweight at age 2§ Overweight from age 5 through 9¶
Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
Daytime 0.93 (0.79–1.10) 0.40 1.10 (0.91–1.33) 0.31
Nighttime 0.90 (0.80–1.01) 0.064 0.86 (0.76–0.97) 0.017*
* p < 0.05; *** p < 0.001. Statistically significant results (P < 0.05) are printed bold. In all analyses, nighttime and daytime sleep duration were entered
together in the same model (so that their independent effects are estimated) and were adjusted for recruitment group, prepregnancy body mass index (BMI),
maternal smoking during pregnancy, pregnancy weight gain, maternal age at birth, country of birth, educational level, hours/week mother does paid work,
exact age of child at BMI measurement, child gender, time at kindergarten, tv time, computer time, and time playing outside. *Number of subjects
depending on age of follow-up from age 5 through 9 years (see Table 1). †Regression coefficients (Beta) from linear regression analysis. The regression
coefficient Beta indicates the increase of BMI z-score (standard deviation score) for an increment of 1 h of sleep. ‡Idem for repeated measurements of BMI
z-score at ages 5, 6, 7, 8 and 9 (general estimation equations), controlling also for exact age of BMI measurement; correlation structure: independent.
§Odds ratios from the logistic regression analysis. The odds ratios indicate the increase of the odds of overweight (85th percentile of the Dutch national
reference population) for an increment of 1 h of sleep. Overweight includes obesity in this analysis. ¶Idem for repeated assessment of overweight at ages
5, 6, 7, 8 and 9 (general estimation equations), controlling also for exact age of BMI measurement; correlation structure: unstructured.
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possibly limit the generalizability of our findings. However,
the average sleep duration (both nighttime and daytime) of
the children in the current study is similar to other studies
(10) and Table 1 shows that the differences in baseline
characteristics between the children at baseline and at
follow-up are very small, rendering it very unlikely that
differential dropout would have biased the results of the
longitudinal analysis. This study was, to our knowledge,
the first study examining daytime sleep, in addition to
nighttime sleep, as a potential independent risk factor for
longitudinal childhood overweight development from pre-
school into school age.
In conclusion, our study confirms that daytime
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